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TExVlPERATURB- VARIATIONS
I H
COjNCRETE
livTRODUCTIOR
Durin."; the past few years the use of concrete has increased
very rapidly, so that now there is hardly a type of structure
which has not been formed of this material. With this extension
in the application of concrete a demand has been created for
information relating to the design of such structures. One of
the points which is often neglected in such designs is the de-
termination of temperature stresses. The amount of the tempera-
ture stresses in any given structure is dependent upon the amo'unt
of the temperature changes therein. To determine these tempera-
ture changes is a somev/hat difficult task; first, because there
are so many dependent conditions to be taken into account; and
second, because there is very little data given in engineering
hand books which bears upon this subject. For this reason the
writer undertook the experiments described in this thesis, v/ith
the intention of investigating the thermal conductivity of concretj
and the amount of the temperature variations which occur in masse^
of that material.
PRIK'CIPLES OF TEMPERATURE VARIATIOl..
Before discussing the writer's experiments, it will perhaps
be well to mention some of the principles involved and to define
the terms used.
Definition of Terms.
THERMAL COly. DUCTIVI TY . The thermal conductivity of a material
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is that quantity of heat which will f lov/
,
per unit of time,throug
unit area of a plate of unit thickness of the given material ,v7hen
there is unit difference of temperature between the two faces.
TEIvlPERATURE GRADIEIJT. The flow of heat through a lamina of
area A and thickness dr of a material havin^^ a thermal conductiV'^
ity K and a difference in temperature "between i ts t>p faces of dT
,
during the time t, vd 11 be equal to KAt.^. In this expression
dr
^ is the temperature gradient. That is, the temperature gradientdr
is the rate of change in the temperature of a body per unit of
distance, at a given point and for a given time.
SPECIFIC HEAT. The specific heat of a substance is the
quantity of heat required to raise a unit mass one degree in tem-
perature. The specific heat of water is taken as unity.
THERMAL CAPACITY. The thermal capacity of a material is the
quantity of heat required to raise a unit volume one degree in
temperature. The thermal capacity is equal to the specific heat
of a substance multiplied by its density.
CALORIE. The calorie is the unit of heat v/hich is used in
the centimeter-gramme-second system. It is that quantity of heat
which is required to raise one gramme of water one degree centi-
grade .
BRITISH THERMAL UWIT. (B.T.U. ) The British thermal unit is
the unit of heat used in the foot-pound-second system. It is thatj,
quantity of heat v/hich is required to raise one pound of water
one degree Fahrenheit. (1 B.T.U. ~ 252.1 calories.)
Discussion.
A warm body which is in contact with a cooler body will tran;
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mit heat to it by conduction. That is the particles of the cool i
body which are in contact with the v/arm body become heated and '
they in turn heat other adjoining cooler particles, in this way
a flow of heat is created which lowers the temperature of the
warm body. The flow of heat by conduction is ordinarily consid-
ered to be proportional to the difference in temperature.
i
A warm body placed in a vacuum will receive or lose heat by
radiation. In this case the heat is transferred through the ether
as radiant energy. Every body is constantly emitting radiant en-
ergy and also absorbing radiant energy, but if it is warmer than
the surroundin : bodies it is emitting more energy than it absorbs
and therefore its temperature falls. For given differences in
temperature the rate of absorption is the same as the rate of
emission. In general, dark surfacars have a higher rate of ab-
sorption and radiation than white surfaces. For differences of
temperature which are not very great
,
the rate of radiation
varies approximately as the difference in temperature.
If a warm body is surrounded by air the particles of air
adjacent to the body are heated and are then removed by convec-
|
tion (air currents). The transfer of heat to the particles of
j
air is by means of conduction, but since the heated particles
|
are being constantly removed the temperature of the layer in
contact with the air remains cooler than it otherwise v/ould,thus
causing a more rapid transfer of heat than would occur if the
layer in contact v/ith the air were stationary. For small differ-
ences of temperature the rate of cooling of a body in air, can
be considered to be proportional to the difference in temperature
between the body and the air, in accordance with Aiewton's lav/,
jj
For large differences of temperature the ratio becomes less.
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( The limit v/ithin which iMewton's law is correct is given in
"Sewage Disposal in the United States" by Rafter and Baker, as
30 degrees F. difference in temperature.)
The properties Just mentioned are those governing the quanti-
ty of heat which is transferred to or from the surface of an ex-
posed body. To determine the change in temperature v/hich will
occur within the body, two other properties must be taken into
account, viz. the rate at which the heat will flow through the
material and the specific heat of the substance. The rate at
which heat will flow through a material is expressed by the ther-
mal conductivity. The flow of heat within a substance is essen-
tially the same kind of a process as the conduction of the heat
from the surface, except that in the first case heat is trans-
ferred from a molecule of one substance to a molecule of another
substance. Since surface conduction involves two different ma-
terials the constants pertaining thereto are different from those
for conduction within the material.
As above mentioned, the specific heat affects the rate at
which the temperature in a material vd 11 change. One substance
i
may be a better conductor of heat than another and still its tem-
,
perature may change more slowly. Such a condition v;ould occur
i if the thermal conductivity of the first substance were higher
|
than that of the second v/hi le thar specific heat of the second was
higher than tlfiat of the first, the ratio of the specific heat of
the second to the specific heat of the first being greater than
the ratio of the thermal conductivity of the first to the ther-
mal conductivity of the second.
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The above are all of the properties of materials v/hich gov-
ern the transfer of heat, but the determination of their combined
of their combined effect upon the temperature of a given body
may be complicated by the conditions in and surrounding that body
The presence of moisture in the body v/ill affect its conductivity.
The exposure of the body to the rays of the sun v/ill create dif-
ferent conditions than those oc curing in the shade. The mass of
i
the body will affect the rise in temperature at a given point,
since part of the heat v/hich is transferred to that point will
pass to the material beyond v/hi le the remainder will raise the
temperature at that section. A retaining wall behind which therw
is a solid earth filling, v/ill be subjected to a very much small-
er range in temperature than a wall exposed on both sides. In the
first case the heat wi 11 continually flov/ through the v/all into
the earth as long as the temperature of the air is greater than
that of the wall, and when the temperature of the air is lower
than that of the v/all, the wall will receive heat from the earth
behind it. In the latter case the temperature of the wall v/ill
be dependent, not only upon the properties of the v/all, but also
upon the thermal conductivity and the specific heat of the earth.
These and other conditions which are encountered in the determin-
ations for special cases, make the solution of such problems very
difficult.
SCOPE OP EaPERII/iENTS.
The time available for the experiments made by the writer
li
was insufficient to permit of a complete investigation of all of
the properties of concrete relating to the temperature variations
^
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therein. Tests were made v/ith the intention of securing data
from which the temperature variations in a mass of concrete
might perhaps be determined in an empirical manner. If the data
should not prove to be sufficient to determine empirical constant^
it would at least be possible to plot the information in the
form of curves and from these curves the probable variations
v/hi ch would occur in other c ises could be estimated. Such curves
have been drawn for a part of the data obtained. Besides this,
the thermal conductivity has been computed for one of the mix-
tures of concrete used and the specific heat for the same mixtur^
has been determined. ^.o attempt was made to compute the coeffi-
cients for surface conduction and radiation for the materials
used, although the data may perhaps be sufficient to determine
an approximate value for the rate of absorption and of cooling
due to the combined effect of radiation and surface conduction.
DETAILS OF IxWESTIGATION .
Six-inch Cubes
.
The experiments made by the writer were begun by making
four six-inch cubes of mortar compossed of 1 part (by weight) of
Sandusky Portland cement to 3 parts of building sand. In each
cube a hole was formed which would Just allow a thermometer to
be inserted, with its bulb near the center of the cube. After
the cubes had been allowed to set indoors for a little over a '
month, they were placed out of doors and the temperature at the
center of each cube and also the temperature of the air were ob-
served at frequent intervals. The cubes were supported upon a
shelf about fourteen feet above ground and on the south side of
a projection from the v/est side of a wooden building. Each cube
j
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waii supported on blocks so that all six faces, mth the exception
of a small area on the lower face, were exposed. The cubes were
in the shade during the forenoon, until about 11:60 A.M., and werej
exposed to the sun during the afternoon.
'
iAost of the observations for the cubes were taken with theii|
surfaces exposed to the air. One cube (No. 3) was covered on five
sides with hair felt, Feb. 16, 1905, and the observations for this
cube which were taken after that date are for the cube in that
condi ti on.
The temperatures observed in different cubes at the same
time and under the same conditions, were practically the same. In
plotting the results, the mean temperature for all of the cubes^
for each set of observations, v/as plotted and also the air tem-
perature. For the dates Feb. 17th and Feb. 18th, the temperatures
observed in cube i:\io.3, which then had only one face exposed, v/ere
plotted as well as the mean values for the temperatures in the
other three cubes. The results of all of these observations are
shown on page 59. The data obtained for the cubes i s not given
in tabular form since it is all plotted on the page referred to.
Concrete Cy li nders .
After completing the preliminary tests above described, 3
large and 2 small concrete cylinders v/ere made. The proportions
of the ingredients used for the various specimens are given in
Table I, page 10. The cement used was a mixture of five brands
of Portland cement. All of the cylinders v/ere made in the Test-
in-; Materials Laboratory of the University of Illinois. After
beinfj allov/ed to set for at least a week, the specimens were re-
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moved from the laboratory and were placed out of doors, on the
north side of the east winr^ of the Engineering Building, in whi cl[i
position they were in the shade with the exception of a short
time early in the morning. { A general view of the position of
the specimens is shown on page 38 ')
The length of each of the large cylinders v/as 3 ft. 6 in. and
the diameter of each 1 ft. 5.4 in. At each end of each cylinde^"
there v/ere two one-inch layers of wood, betv/een which wad a one-
inch layer of hair felt. The surface forming the ci re lomference
of each cylinder was left exposed in the condition in v/hich it
was removed from the mold.
The large cylinders v/ere made in the manner and shape de-
scribed, so that there v/ould be very little heat flowing to or
from the center oift each cylinder through its ends, and so that
the flow of heat at the points of observation could be assumed
to take place radially.
When the concrete for the large cylinders v/as placed in the
molds five 3/4-in. holes v/ere formed, extending parallel to the
axis- from one end half v/ay to the other end. In each of these
holes a wooden rod, v/ith a diameter a little smaller than that o4
the hole was inserted. Near the lower end of each rod a groove
was cut v/hich was large enough to hold a thermometer. A ther-
mometer v/a3 placed in each groove and a cover with a lock was
attached to each cylinder. (The method of arranging the ther-
mometers is shown in the diagram on page 36 and also in the
photograph on page 39 . )
To read the thermometers mentioned, it was necessary to
partially withdraw the wooden rods from the cylinders, but care
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was used to take the readings as soon as possible so that there
would be very little change before the observation was made. Read-
ings of the thermometers, including one for the air temperature,
were made at frequent intervals.
The length of each of the small cylinders was 2 ft. 8 in.
And the diameter of each ft. 8 in. At intervals along each
cylinder, holej were formeld in v/hich thermometers could be insert-
ed. These hole extended into the cylinders a little over one
half of the diameter. The depth of the holes was made such that
the bulbs of the thermometers v/ould be very nearly at the axes of
their respective cylinders. ( The position and distance between
thermometers is shown on page 37.)
All of the surface of each cylinder with the exception of
one end, was covered with a one-inch layer of hair felt. The
principal flow of heat was expected to pass through the exposed
end. By means of the thermometers the temperatures at various
distances from this exposed end could be determined.
Concrete Beam.
Besides the specimens above described, a piece of Beam No.
8
of the tests described in Bulletin No . 1 of the University of Il-r-
linois Experiment Station, v/as used in t)|i s investigation. The
length of the portion of the beam used was about 6 ft. 4 in. One
end was the section across which the original beam had been brokeifi
and was therefore, somewhat irregular. The width of the beam was
12 in. and the depth 14 l/2 in. At intervals along the beam hole
were drilled, which extended from one 12-in. face to the axis.
Thermometers were inserted in these holes and all of the surface
of the beam, with the exception of the smooth end, was covered
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with two one-inch layers of hair felt. ( The arrangement and
spacing of the thermometers is shown on pages 37 and 40.)
This specimen also v/as placed north of the east wing of the Engi-
neering Hall, and frequent readings of the thermometers v/ere tak-
en. Blocks v^ere placed under the beam to support it a fev/ inches
above ground. A shelter was built over the beam to partially pro-
tect the hair felt from the weather, since the evaporation of
moisture which had been absorbed by the felt, would have some
effect upon the temperature of the concrete enclosed. The sides
of the beam v;ere not very well protected, but during the period
covered by the observations, there were no hard rains, so it is
thought that there are no material errors in the results from
this source. ( The arrangement of thr- beam and shelter is shown
on page 38.)
Test Speci men^ .
The composition of the specimens above described and the dati
at which they were made are given in the following table.
TABLE I
.
Data on Specimens.
Kind of Pro port i ii of In/^^redi ent s
.
Date
Specimen Cement
.
^iand. broker. L'.tcne. made Remarks
Large 1 1 3 6 Feb .14 ;0 5.
Cy linders 2 1 2 4 Ppb.18'0 5
5 :i.
•~j n Ivlar .15 ;05
Small 3 1 2 4 Feb. 18 ;0 5
Cylinders 4 1 5 6 Feb .18 ',05
Beam 1 3 6 Jan. 18, '04
Cubes 1 1 3 Dec . 17 , *04 Spoi led.
2 1 3 Dec .17 , '04
3 1 3 Dec .19 , '04
4 1 5 Dec . 23 , '04
5 1 3 Dec. 25, '04
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Determination of Specific Heat .
Five determinations of the specific heat of 1:3:6 concrete
v/ere made. A piece of concrete of the proportions named, v/as place i
in a testing machine and crushed, so that most of the material
would have passed a one-inch ring. ( A great deal of the crushed
material was in the form of dust.) This crushed concrete was
placed in pans, weighed, and placed in a warming oven which was
heated by steam and which was kept at a temperature of about 60
degrees centigrade. The material was left in the warming oven
two days. At the end of that time, a series of readings of the
temperature of the oven was taken, for at least an hour before
removing the pans. From these readings the temperature of the
concrete at the time it was removed, was estiiated. A pail made
of papier-mache, was partially filled with water and was weighed.
A panful of crushed concrete v/as then removed from the oven and
the concrete was emptied into the pail. The temperature of the
water was rioted both before and after the concrete had been added.
The weight of the pail with both v/ater and concrete v/as noted, for
the purpose of determining the amount of moisture v;hi ch had been
removed from the concrete in drying. The weight of the empty pail
and the empty pan v/ere also observed.
After the crushed concrete had been added to the water the
mixture was stirred to extract the heat from the concrete as soon
as possible. The time required for thw water to reach its maxi-
mum temperature was about four or five minutes. The temperature
of the water before the concrete v/as added, was about as much be-
low the temperature of the room as its final temperature was above
it. Furthermore, the temperature recorded for the v/ater before
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adding the concrete was taken about as long before the addition
was made, as the time required for the water to reach its maximum
temperature after the addition. These precautions were observed
in order that the heat gained by absorption would about equal the
heat lost.
Calibrati on of Thermometers .
To avoid large errors due to incorrect graduation, the ther-
mometers used were calibrated. The method used for this v/ork v/as
as follows. A thermometer of a little better grade than those
used in the tests, was taken as a standard. To compare the other!
thermometers with the standard, a number of them v/ere bound togeth-
er with it and v/ere placed in a large beaker of v/ater. The tem- .
j
perature of the water was then reduced to as low a point as do- I
sired by means of a freezing mixture. The readings of the ther-t i
mometers were then taken in order, beginning and ending with the I
standard. The time between readings of successive thermometers
was approximately uniform and the rate at which the water was
changing temperature during readings was also nearly uniform, so
the correct reading of the standard thermometer at the time of
any particular observation, was obtained by adding to the first
reading of that set the proportion of the difference between the
j
first and last readings, that the number of the reading was of thei
i
total number for that set. After one set of readings had been i
taken in this manner, warm v/ater was added to the v/ater in the
j
beaker to raise its temperature about one degree, and another
set of readings v/as taken. Readings v/ere taken in this manner for
the entire range of temperature required for the tests. The dif-
ference between the reading of any thermometer for a given time i
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and the reading of the standard for that time, gave the correction
required for the given thennonieter at the temperature of the ob-
servation. These corrections were plotted for each thermometer
and a curve v/as drawn through the points, thus making a diagram
from which the correction for any temperature could be obtained.
The calibration curves for thermometers 7 to 19 i s shown on
page 60 . It is unfortunate that the standard used for the cal-[
ibration of these thermometers was more in error than the ther-
mometers themselves, but the diagram gives a correct comparison
between the several thermometers.
COMPUTATIOLM OF RESULTS.
Thermal Conducti vi ty .
For the purpose of computing the thermal conductivity of
1:3:6 concrete, a portion of the data obtained for cylinder No.l
was plotted as shown on plates VI I to XVII. The temperatures for
each day's observations were first plotted, using the distances
of the points of observation from the axis of the cylinder as ab-
scissas, and th*^ temperatures as ordinates. Through each set of
points representing observations taken at the same time, curves
I
jwere drawn, which shov/ the fall of temperature from the surface
:i
to the axis of the cylinder. Lines were then drawn tangent to
! each of these curves at the points representing the temperatures
I
I 5cm., 10 cm., 15 cm., and 20 cm. distant from the axis. For each
of these lines, the tangent of the angle between the line and the
horizontal was measured. These rvalues are the temperature grad- i
ients for the various points and times of observation. On the
same plates on which the temperature curves described are drawn,
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are plotted the values obtained for the temperature gradients,
using the times of observation as abscissas and the temperature
gradients as ordi nates. These curves show the manner in which the
rate of the flow of heat varied during the day.
After the curves had been drawn in the manner described , the
differences in the ordinates for two consecutive temperature-dis-
tance curves were scaled for each centimeter of distance from the ,
axis to a point 20 cm. from the axis. The differences thus ob-
tained represent the rise in temperature which occured at the var
ious distances from the axis, during the period between the two
times of observation- Then, considering a di sc one cm. in thick-
ness, cut across the cylinder at its center, the volumes of annu-
lar rings of this disc, one cm. in width were computed for each
centimeter of distance from the axis of the cylinder to a point
20 cm. therefrom. The product of the volume of any annular ring,
by the rise in temperature for that ring, by the thermal capacity
of concrete is equal to the quantity of heat which was added to
the ring to produce the given rise in temperature. The total
quantity of heat which was added to a portion of the disc included
within a given radius, is equal to the sum of the products men-
tioned for all of the rings within the given radius. To express
these rf^^lations in the form of equations,
let Q = the quantity of heat added to the portion of the disc
having a radius r,
q - the quantity of heat added to one annular ring,
V = the volume of one annular rinti in cc
,
G-' = the initial temperature in degrees centigrade,
©"= the final temperature in degrees centigrade, ,

(15)
c = the thermal capacity of concrete in calories per cc
.
Then q = v. (e-~ ^' ) .c (1)
Q = ^5 q = ^0 V. (©"- ©• ) .c (2)
The values of v. (9"- 9*) were computed for the curves given on
pages 47 to 57 .
The total quantity of heat (0,) is also equal to the product
of the thermal conductivity of concrete, by the area of the per-
iphery of the portion of the disc included within the given radius,
by the length of time during which the flow of heat continued, by
the temperature gradient at the periphery considered; provided
the temperature gradient has been constant or has varied uniform-
ly during the given time. If the temperature gradient varied
uniformly during the given time then the mean value should be usee
in the above product. To form an equation for the last expression,
let K - the thermal conductivity of concrete,
A - the area in sq. cm. of the periphery of the portion
of the disc included v/ithin a radius r,
Z - the temperature gradient i n (degrees centi grade a-t a
distance in cm.
distance r from the axis of the cylinder, during the time consid-
ered,
t - the period of time in seconds between the tv/o sets of
temperature observations.,
Then Q = K.A.Z.t = 2 n r K Z t (3)
By equating (2) and (3),
K r KviQ"- ) (4 )
c 2nrZt
The values of A {2nr) were computed for the following values
of r: 5 cm., 10 cm., 15 cm., and 20 cm., which are the same val- ]
ues of r for which the temperature gradient curves were drawn.
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By equation (4), the values of {— ) v/ere computed for the
various sets of observations, for the values of r stated above.
In making these computations the temperature gradient curves vieve
examined to see that the assumption that Z varied uniformly was
not greatly in error for the portions of the curves used.
Speci f i c Heat.
Prom the data obtained for the determination of the specific
heat of concrete, the weight of dried concrete in each pan, the
amount of moisture evaporated from each pan, and the weight of
water used for each determination were computed. The specific
heat of the concrete used was then computed by the follov/ing
equations
.
Let S' = the specific heat of dried concrete in calories per gr.
S - the specific heat of concrete before drying, in cal-
ories per gr.
c = the thermal capacity of ondried concrete in calories
per cc.
W' = the weight of dried concrete in any particular pan. in
grammes.
Yi - the weight of water in gr. , used for the determination
w = the weight of water evaporated in gr.
T" = temperature of heated concrete in degrees
centigrade.
T' = temperature of water in degrees
centigrade, before
adding concrete.
T = temperature of mixture in degrees
centigrade.
D = density of concrete before heating = 2.25
for the con-
Crete used.
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Then W(T - T ' ) (5)
S (6)
c Ds (7)
The results for the determination of specific heat are given in
Table III, page 23 .
The general way in which the temperature in concrete follows
the temperature variations of the ai r i s shown by the curves on
pages 42 and 43 . The air temperature shovm on these two pages
was obtained from the Department of Soil Physics of the University
of Illinois, and is copied from records made by a recording ther-
mometer. The curves on pages 47 to 57 also show,more in detail,
the variations in cylinder i\!o . 1 for particular days.
In examining the curves shown on pages 43 and 44 , it
should be remembered that although the beam was covered v/ith the
exception of one end, there was undoubtedly a considerable amount
of heat conducted through the covering of hair felt, so that the
curves representing the temperatures within the beam should show
Less variation than they do.
The distance from the exposed surface of the beam, which is
subject to any considerable variation in temperature, is shown by
the curves on page 44 . It v/i 11 be seen that nearly all of the
beam i s at about the same temperature and that only that portion
within a foot of the surface, is subject to any great daily vari-
ation. From these results it seems probable that for masses of
RESULTS Ai^D GOiM CLUSIOlM S .
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concrete of considerable size, especially if in contact with eartl],,
the daily temperature variations can be neglected, anrl tha.t the
range of temperature changes throughout the year vdll be about
equal to that of the mean daily temperature.
The time available v/as insufficient to permit the writer to
plot or compute results from all of the data obtained, but the
data for all of the specimens is given on pages 24 to 35
,
from which the difference in the results for the different mixture
of concrete used can be observed. The readings given for cylinder}
No.l are corrected farr errors in the calibration of the .ther-
mometers, but the readings for the other specimens are not so cor-|
rected. The calibration diagram for the thermometers used for
cylinders Mo. 2 and Mo
. 5 is given on page 60 and should be con-
sulted, if computations are made from the data given.
Considering the results for both the cylinders and the beam,
it aeeras probable that the variations in temperature which occur
in small masses of concrete, such as walls of bui Idi ngs ,and also
In material v/ithin six inches of the surface of large masses, will!
Ixfe only a few degrees less than the range in the air temperature.
Table II on page 21 gives the results of the values com-
puted for -ii- for cylinder No.l, To obtain the value of the
thermal conductivity (K), the coefficients given in the table
must be multiplied by the thermal capacity of concrete, which
was found to be 0.7745, as given in Table III . On page 41 are
V
shov/n most of the values of —^ plotted in such a manner as to
C
shov/ the relation which seems to exist between the thermal conduce
tivity and the temperature gradient. In order that the values on
||
the last named plate might be as accurate as possible, those val-
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ues which were subject to large errors were not plotted, it was
estimated that the error in thermometer readings would be 0.05
of one degree or 30 percent of 0.16. Therefore, those readings in
which the difference in temperature wa3 less than 0.15 were re-
jected in plotting Plate I . The estimated error in determin-
ing the temperature gradient (Z) was 0.005 or 30 per cent of O.OlE.
Hence, in making Plate I , readings were rejected in which the
temperature gradient was less than 0.015. Errors in locating
the temperature curves are indicated by lack of uniformity in the
results for consecutive sets of observations, since the change in
the position of a curve would increase the apparent amount of
heat which was added during one period and decrease the apparent
amount added during the other period. For this reason, consecu-
tive results v/hose ratio was less than 2/3
,
taking into account
differences in temperature gradient, were rejected.
Table III on page 23 gives the results obtained for the
specific heat and the thermal capacity of concrete.
j
In the appendix are given constants and other information
pertaining to temperature variations, which the writer collected
from the sources there stated. This information is given in order
i}
that the reader may obtain an idea of the values which might be
i expected for various substances. Considerable care is necessary
in attempting to use information of this kind in computations,
since there is a very great difference in the results obtained by
jl di f ferent observers for the same material. To use such results
it is necessary to inquire into their source and to determine by
what method they v;ere obtained.
For assistance in the preparation of this thesis, the writer
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is very much indebted to Professor A. A. Talbot, Professor A.P.Cai|
men. Professor I.O.Baker, the Department of Soil Physics of the
University of Illinois, and others.
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TABLE II
.
Computed Values of k/c for Cylinder No.l.
1:3:6 Concrete.
(To obtain K multiply values in table by 0.7745)
Date and
Time of
Observati on
Distance of ?oint oi? Observation from Axis
5 centimeters 10 centimeters
Tem. Temp.Grad. V / rtA./ C Temp Temp. Grad.
e Z 9 Z
Mar .6 ,190 5
12:15-3:00P,
3:00-5:00 "
5:00-7 :00
1,0
jL.o
2.2
.045
. 17
.005
.0045
.U Idti
.0141
1. 5
1 . ^
2.5
0.065
.057
0.022
.00572
.01115
0.00872
Mar . 1 , j.yu o
7:45-10 :00A
10 :00-il :45
11:45-3:45?
3:45- 4:55
4:55- 9:05
2.8
2.9
5.6
4.5
4.6
.01
.02
.03
.04
.045
.0051
.0040
0.00715
0.00221
0.00152
2.8
3.0
3.8
4.6
4.8
0.005
0.025
.055
.07
.05
.0176
.0068
.0082
.0055
.00168
Mar .8,190 5
12:45-3:00?
3:00 -5:00
1.6
2.4
.055
.0 50
0.00515
.00472
1.9
2. 6
.07
.07
.00855
.00575
Mar. 9^1905
11:00-11:50
XX. ou — Xo . oU
12:50- 3:00
3:00 -4:00
0.8
1.6
5.0
4.2
.065
.075
.075
.065
.0107
.00808
0.00605
-00802
1.2
2.0
3.5
4 . ti
.15
.14
.155
.12
.01045
.00 915
.00 80 3
.00825
Mar. 10 , 1905
2:15-5:30 2.9 0.026 .00512 5.1 e .054 .00518
Mar. 15 ,190 5
10 :00-ll: 30
11:30-12:50
1.5
2.5
.05
.04
0.017
.0171
1. 5
2.8
0.12
. 15
.0088
.010 8
Mar. 16 ,1905
7:35-10 :00 5.9 .02 .0225 6.2 0.08 0.012
Mar. 17 ,1905
7:55 -9:55
9 . OO— 11 .4 o
il:45 -12:55
12:55- 3:10
3:10 -5:00
8.9
9.7
10.9
12.5
15.7
.04
.04
0.05
.055
0.015
.00452
.0150
.00745
0.01060
.0185
9.2
10 .1
11.4
12.8
14.0
.065
. 10
0.125
0.105
.065
.00646
0.00984 •
.00665
.01018
.00816
Mar. 31,1905
7:32-10 : 15
10 : 15-11:4 2
11:42- 5:30
5:50
-5:oo
8.9
10 .9
15.5
15.2
0.04
.05
.02
.02
.01052
.057 9
.0 250
0.0207
9.1
11. 1
13.5
15. 5
.07
.07
.05
.045
.0135
0.0345
0.0207
0.0175
I
(Continued on page 22.
)
i
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TABLE I I -Continued.
Computed Values of k/c for Cylinder No.l .
1:5:6 Concrete.
(To obtain K raulti ply .values in table by 0.7745)
Date and
Time of
Ob servation
Distance from Axis to Point of Observation.
15 centimeters 20 centimeters
Temp
9
Temp.Grad.
Z K/ C
Temp
.
a
Temp . Grad,
Z A/ C
Mar. 6 ,1905
12:15 -5:00
3:00 -5:00
5:00 -7:00
1.7
2. 2
2.5
.12
.075
.045
O.G042
. 0082
.00648
2.6
2.8
2.9
.27
. 21
. 138
.0019
.0040
0.0257
Mar, 7 ,190 5
7:45-10 :oo
10 :00-ll:45
11:45- 5:45
3:45- 4:55
4:55 -9:05
2 . 9
2.2
4 . 2
4. £
4.9
.005
.045
.09
.06
.00
0.0532
.0068
.00785
.00725
2.9
2.4
4 .
6
5. 5
5.0
.005
.07
. 185
0.07
0.03
.0477
.0068
.0052
.00625
.00227
Mar. 8 ,190 5
12:45 -3:oo
3:00 -5:00
2.5
2.9
.095
.100
.00995
r .004 7
2.8
5.7
.15
0.27
.0098
.00174
Mar. 9 ,1905
11:00-11: 50
11: 50-12: 50
12:50- 3:00
3:00- 4:00
2.0
2.9
4.4
5.4
.245
. 24
.23
0.185
.00785
.00855
.0070 6
.00770
5.9
4. 7
6.1
7.1
.625
0.65
.58
. 55
.00585
.00470
.00558
0.00341
Mar. 10 ,1905
2:15 -5: 50 5.4 . 10 2 .00414 4.2 .54 .00156
Mar. 15 ,1905
10 :00-ll: 50
11: 50-12: 50
2.5
5.S
.275
.51
.00615
.00706
4.4
6.5
. 54
.85
.00478
.00552
Mar. 16 ,190 5
7: 35-10 : 00 6.8 .265 .00682 9.0 . 765 .0045
Mar. 17 ,1905
7:55- 9:55
9: 55-11:45
11:45-12: 55
12:5 5- 3:10
3:10- 5:00
9.6
10 .8
12.4
15.6
14.4
.125
0.24
.28
.25
.16 5
.00680
.00684
,00458
.00618
.004 30
10 . 9
13.2
14.8
15. 5
15.7
0.41
. 91
0.98
.72
.44
.00574
.00296
.00166
.00220
.00151
Mar. 51,1905
7:52-10 : 15
10 :15-11:42
11:4 2- 5:50
5:50- 5: 00
9.7
11.7
14.0
15. 6
.28
.515
.20
. 155
.00585
.00956
.00794
. 00 80 2
12.0
15. 2
16.5
17.4
.75
1.16
,
1.11
.87
.00412
.00275
.00176
.00125

(23)
TABLE III .
Results of Specific Heat Deterniinations
.
1:3:6 Concrete.
No. of Specific Heat Thermal Capacity
Sample
Dti eel fonoTe'te
S '
UndTi od Concretf-
c
1 .2785 .288
2 .282 . 291
5 .329 .339
4 . 330 5 0.365
5 .256 0.266
Mean .2952 .30 98 .7745

(24)
DATA FOR CYLIi^DER i^O . 1
.
Temperatures in Degrees Centigrade.
(Readings tabulated are Qorrected for errors in calibration )
Date and Time Di stance from center of cvlinder Terape rat ure
of Observation. in. 2 in. 4 in. 6in. 7i n. of ai r
3.0Mar^l
,1905
0. 55 0.7 1.0 1.6 1.8
3:00 1.45 1. 5 1.8 2.2 2.3 3.4
5:00 " 2.15 2.2 o o 0.5
7 . uU » O A P R p fi ? 7 3. 3
Mar . 1 t ±iAJ o 2.8o c; i; O A
• O P R 2.8
O '7o . / O P Ao . O 3 .0 3.0 3.1
<c . y o o . u 3 - 3.4 3.6 4.1
A 1 <^ A P 4.5 4 .
8
5.0 5.7
4*55 " A PR 4 4 4 .
7
5.0 5.1 5.2
A c, c; 4.8 4 . 4 .8 4 .8 4.6
-
7:40 A.A4. 1.05 1.2 1.0 1.0 1.1 .
1
10 :oo " .75 0.7 0.7 0.8 . S .
11: 30 " 0.75 '9 1.0 1.4 1.2 1.2
12:45 P .M. .95 1.1 1.2 '1 .7 1.8 1. 9
3:00 " 1.86 1.9 2.3 2.8 3.1 4 .
5:15 " 2.45 2.8 3.0 3.1 3.2 4 .
7
8: 30 " 2. 55 3. 2 3.6 2.3 1.7 .
Mar. 9 , 1905
7:4 5 A.M. - 0.85 -0 . 9 -1.0 -1.2 -0 .7 -0 .
9
10 : 00 -0 .35 -0 .4 .0 .8 2.0 4 . 1
11:00 " . 35 0.2 . 9 1,3 2.5 0.1
1 1 : 50 1.05 1.
1
1.6 2.5 3.1 5. 8
12 : 50 P.M. 1.85 1.9 2.6 3.6 4.2 7 . 1
3:00 " 3.65 3.7 4.5 5.3 5.6 8 .
4 : 00 4.35 4.4 5.0 5. 85 6.1 8.7
5: 00 5.15 5 .15 ^.2 6 . 55 6.2 0.2
i
. 5 5.95 6 . 15 6 . 2 6. 15 6.1 D .4
. .1 y .05 5. 95 6. 15 6.0 5. 85 5. 3 r. 1
Ma.r ,10 ,1900
%. 37:50 A .k
.
1.15 1.4 1.
1
1.2 —0 . ±
9 : 30 " 1.15 1.2 1. 3 1.5 1.6 1.3
10 : 5 5 " 1.25 1.3 1. 5 l.Q 2.3 . 1
11:45 " 1.45 1.5 2.0 2.4 2.7 3.7
12:50 P.M. 1.85 1.9 2. 2 2.6 2.8 4.1
2:15 • P 7i P 8 3 3 5.1
5: 30 " 3.15 3.4 3. 5 3.8 3.5 4.5
Mar. 13^1905
7:35 A.M. -1.85 -1.8 -2.0 -2.0 -2.0
10:00 " -1.85 -1.8 -2.0 -1. 6 -1.4 .6
11:35 " -1.65 -1.6 -1.3 -0.7 -0.1 0.9
12:50 P.M. -1.15 -0.9 -0.8 0.4 0.9 2.0
3:05 " .15 .2 0.7 1.4 1.4 2.3
4:35 " .75 1.1 1.3 2. 3 1.6 2.6

(25)
DATA FOR CYLIi^JDEP aO . 1. -Continued,
Date and Time Di stance from axi s o f cylinder. Temperature
of Observation in. 2 in. 4 in. Gin. 7 in. of Ai r
Mar. 14 ,190 5
.07:45 A.M. -0.15 • .0 -0 .
2
.1
10 : 00 " 0.05 .
2
.0 (} . - 1.1
11:30 " . 15 . . 5 .
8
. 9 01.4
12:4 5 P.M. . 35 0.4 .7 1 . 1 . 3 2.1
3:00 1. 15
0/95
1.2 1.0 1 . 3 1 . 3 0.1
4:45 " 1 . \J 1 . U V • o u o -0.3
Mar . 15 ,190 5
-0.1 .0 . o .
4
1.17:50 A.M. -0.15
10 : 00 " .65 .8 .8 1 . 2 .
8
4.1
11 : 30 1. 65 1.8 2.
1
3.
1
4.1 7.6
12:50 P.M. 2. 95 3. 3 . b 4 . y O . D 10.3
3:05 4 . 95 5. 2 5 .
8
b . o R Qb . o 12.6
5: 15 * 6.65 6.7 7.4 r . O . 1 11.9
Mar. 16 ,190 5
7 : 35 A .M
.
8.64.65 5.2 5.1 t) . lo D . 1
10 : 00 " O . D o 7 8. 2 10 .
1
15.1
11
:
^0 " O . -LO 8.2 9. 1 10 /o 11.1 15.5
12:4 5 P .M. 9.45 9- 6 10 . o IL 1 .
4
I/O . 1 18.6
3:00 " 11.85 11. 95 lo . / 14 . 1 19.1
3 : 50 12.65 12. 75 lo . 5 lo. y 14 . o 18.5
5:00 " -J rv r-r r*13. 35 l0.4o ±4 . v> 14 . <& X'± . o 18.2
6 : 50 13.65 lo. yo lo . o lo . 4 X o • o 12.3
10:05 " 12.45 12 . 85 8.6
Ma r . 17 , li^O 5
8. 65 10 .0 10 .17:55 A.M. O . OO
9:55 " 8. 95 9.15 10 .1 10 .8 14 .8
11:45 TOXU . o xvj . o 11 .
9
12 .
6
18.
5
' 12:55 P.M. 11.2 11.4 12.1 13.2 13.7 18.1
i
3 : 10 " 13. 2 13.3 13 .8 14 . o 1/1
"714 . 1 16 . 9
5:0C) " 14.1 14 .
1
14 . 3 14 . / 1 , U 16 .4
6:25 " 14. 2 14.3 14.7 14.8 15 .G
7:30 " 1|.4 14 .
6
14 * O 14 .7
Mar . 18 , 190 5
12. 9 13. Id . 9 lo . O 14.38
' 30 A.M.
Mar . 20 . 190 5
7": 50 a":m. 1.35 1.5 1.1 1.1 0.0
10:45 " 1.15 1.2 1.5 1.6 1 . 5
11 : 30 "
12:50 P.M.
1. 15
1. 35
1.2
1.5
1.7
2.1
1.8
2.3
1.9
2.5
3.1
3.23:08
" 2.05 2.2 2.7 2.7
4 : 15 * 2.35 2.4 2.8 3.0
5:15 " 2.45 2.5 2.8 3.1 3,
1
Mar .21^190 5
7l4 5 A.M.
1 10 : 12 "
11:15 "
11:40 "
12:45 P .M.
3:15 "
4:05 •
1 . 8
2.8
2.2
2.4
3.1
4.0
1-1
1 . OO
2.85
2.15
2.25
2.95
4.0
4.15
4.65
1 6
2.55
3.25
3.65
3.85
4.75
4.85
4.85
1.6
2.3
3.3
3.5
4.0
4.5
4.6
5.8
1.0
3.9
4 . 9b
5.0
4.9
5.5
6.2
5.0

(26)
DATA TOR CYLINDER uQ . 1-Conti nued.
Date and Time Di stance from axis of cylinder. Temp. of
of Observation in. 2 in. 4 in. 6in. 7in. ai r
Mar. 22,1905
5.8
9.9
12,2
14.8
15.0
15.1
7: 53 A .M.
10 : 10
11:40 "
12:40 "
3:10 P.M.
4: 20 "
Mar. 23, ISO
5
3.2
4.4
5.7
6.75
8.95
lu .0 5
3.35
4.35
5.75
6.65
9.05
10 .0 5
3.65
5.85
7.3
8.1
10 .0
10 .9
4.8
7.8
8.8
8.8
10 .7
11.1
7:45 a .M.
9 : 50
10 : 57 "
11:55 -
2:30P .M.
Mar. 24 ,190 5
9.05
10 .25
11.55
12:45
14.3
9.1
10 .2
11.6
12.5
14.3
9.0
11.9
13.15
14.0
15.1
9.2
13.8
13.8
14.9
15.1
11.6
18.0
17.3
18.4
16.5
7:40 A.M.
9:48 -
ll:08 "
12:48 ^.iVi.
2:50 "
4.25 "
Mar. 25 ,190 5
7:55 A.M.
10 : 20 "
11.40 "
1:45 P.M.
3:45 "
4 : 50 "
Mar .27 ,1905
5.6
6.6
7.7
8 85
10 .15
11.25
7.45
10 .05
11.75
13.85
15. 5
15.4
5.95
6.75
7.75
8. 95
10 .15
11.3
7.65
10 .05
11.6
13.9
15.3
15.4
[n ew
5.25
7.3
8.7
9.8
11.2
12.05
7.9
11.5
13.55
15.0
15.8
15. 1
5.7
10 .0
9.7
10 .5
11.8
12.2
9.6
14.0
14.6
15.4
15.6
15.0
6.0
10 .5
12.6
13.8
14.6
14.7
11.0
18.0
18.9
19.1
15.0
14.1
8:50 A.M.
10 :35 "
11:42 -
12:40 P.M.
2: 30 "
4:08 "
4: 50 "
7 : 00 -
Mar. 28,1905
8. 95
10 . 55
12.5
13.05
14.7
16.3
16.8
17.3
9.15
10 .6
12.
1
13.1
14.9
16.1
16.8
17.6
thermom-
eter. )
11.9
13.0
14.8
16.0
16.8
17.3
9.0
11.2
11. 9
13.85
15.8
17.0
17.2
17.2
11.0
14.0
15.0
15.9
17.0
18.0
17.8
16.8
15.0
19.0
1G.5
20.0
21.7
21.2
20 .2
16,3
7:40 A.M .
10 : 10 "
12:40 P.M.
2:55
5:05 "
|<(ar. 29 ,190 5
14.2
16.1
18.4
20 .3
21.3
14 .1
16.3
18.4
20.1
21.1
14.2
16.0
18.4
20 .0
21.0
14.2
15.3
19.0
20 .7
21.2
13.8
4.7
6.8
7.8
9.6
14.5
18.7
20 .7
21.6
21.5
17.0
22,3
23. 5
24 .0
22.8
m
10 :0
6.0
12.4
13.7
15.0
7:40 A.M.
lo:15 -
11:32 "
Mar. 30 ,190 5
7:30 A.M.
9:42 "
10:40 "
12:30 P.M.
14.3
14.1
14.1
4.6
6.5
7.65
9.15
14.3
14.1
14.0
4.85
7.15
8.15
9.15
m
13.7
4.5
6.0
7.0
8. 9
If-.?
13. 5
5.6
9.8
10 .1
10 .8

(27)
DATA FOR CYLINDER I\i0 . 1-Conti nued.
Dat e and Ti me Distance from axis of cy li nde r Tempe rat ure
f ai r
.
or ODservat.ion in. 2 in. 4 in. 6 in. 1 in.
Mar. oO , 1 JO
5
2:50 P.M. 10 .55 10 . 85 10 .7 11. 2 11.8 15 .
2
f • T Iff5 : 10 11. 75 11.95 11.8 12. 12.
1
14 .
7
6:32 " 12. 15 12. 15 12.0 12. 2 12.0 12.7
dar. 31 , 190
5
10 : 15 A .M. 10.4 5 10 .95 10 .0 10 .8 13.3 17. 2
11 : 42 " 12.05 12.1 11.7 12.4 14 .0 18.8
14. 60 14.7 14. 7 lo. lo . 20 .
o . u u 15. 50 15. 5 15.5 15. y 16 .4 20 .
ft » on. 16. 1 16,
1
16.0 16 .0 16,0 16 .
8
b . C) o 16.
1
15.9 15.8 15. 7 14 .
8
13.
1
9. 56 9.75 9.3 9.0 8.7 6.0
9. 25 9.25 8.8 9.0 10 .4 10 .6
9. 95 10 .05 9. 6 10 . 2 11. 2 11 .
5
Lei , OO r .M . 10. 25 10 .25 10 .0 J.O . 9 11.8 1§.
O . lU 11. 25 11.3 11.0 11
. 8 12 . 13.
Apr. D , 190 5
7 . OU A.M. 3.40 3.55 3.4 3. 5 3 2 .b
10 : 30 3. 5 3.65 3. 3 4 . 5.0 5 .
Apr. lo, 1905
7 . Oo A.M. 6.7 6.95 6.4 6.
1
10 .0 7 .
8.25 8.75 7. 5 7 . 5 12 .
6
TO O12 .0
iO . 4 D 9.75 10 .15 9.0 10 .U 15.0
-L -L . ft O 10/45 10 .75 10 .0 lU . O TO Qlo . U IP. 11 D . 1
l^i .40 r . M
.
11.25 11 .2 10 .7 1 1 . O lo . O lb . 9
<ci . cJO 12. 25 12.3 12.0 lo. 14 . o IY.4
13.3 13.3 13.0 14 . U 14 . 9 17 . 5
4.45 13. 9 13.9 13.9 14 . £: 14 . 9 16 .
o . lo 14.4 14.4 14.2 14 . 14 . O lo . 1
Apr. 17 ) 190
r . oO A.M. 1.4 1.65 1.3 1 . 7 O . u 5 . o
8 : 40 " 2.6 2. b5 2.0 3.0 7.7 8.5
9:45 " 4.2 4. 95 3.6 4.0 8.7 8.2
11:05 6.2 6. 35 5.3 5.9 8.9 9.0
12:45 P.M. 7.2 7.25 6.7 7.2 8.8 9.6
2: 17 - 7.95 8.05 7.7 8.0 8.9 10 .0
4: 27 - 8.45 8.65 8.4 8.9 8.8 10/8
6: 50 " 8.85 8.85 8.7 8.8 8.0 7.4

(28)
DATA FOR CYLINDER 1^0,2 .
Temperature in Degrees Centigrade.
(Readings calibrated are not corrected for errors in calibration.
)
uate ana iime Distance from center of cylinder
U 1 di rof Observation in. 2 in. 4 in. 6 in. 7 in.
Ma r . 2 , 1 bO 5
1 1 . 4 o A.M. 5.6 5. 8 4.8 10 .
1
±o .DO r . iVi . 6,4 6.4 6.6 7.4 8.6 14 ?
O . U < 8.5 8.5 9.0 9. 5 14 .4 14 7
9.4 9.6 9.7 10 .
3
10 .9 14 R
Mar . <; o , lyo o
7:47 A.M. 9.0 9.0 9.1 9.0 9. 3
y . b<s 10 .0 10 .0 10 .5 11 .
2
12. 5 17 .5
li . 00 11.0 11.
1
11.6 12.4 13.0 17
li . b7 12.0 12.0 12 .4 13.4 14 .
3
18 1
c, . Od r . M . 13.9 13. 9 14.0 14. 3 14 .7 1 f^ P
Mar . <s4 , lyo o
t ,*±0 A.M. 5.8 5.9 6.0 5. 3 5.1 .4
a . OU 6.0 6.3 6.6 6.7 6.8 y .
JL X t J ' 7.0 7.0 8.5 7. 5 8.0 11
8.0 8. 1 8. 3 9.7 9.3 XO .
9.4 S. 5 9.8 10 .
3
10 .8 X . (
10 . 5 10 . 6 10 .
9
11.0 11 . 5 XO . 1
Mar . 4:^0 ) j.yu
{ . 00 A.M. 7. 5 7.6 7.8 7.8 7.8
9.0 9.
1
9 . 7 10 .
5
11.0 ^ i\i t? w 1 XI c r
.
10 .4 10 • B 1 i . U TO "Z. lO . U 18 nXO • \J
1 :47 P .M
.
lei . 7 12. y io. 1 T /I14 . 14 . D 18.6
3: 50 " 14 . 5 14 .
6
14 .
7
14 . 1 A14 .
8
14
.
7
4:52 " 14
.
7
14 . 7 14 . 14 . 3 14 .
5
13. 8
Mar 27.1905
8: 52 A 11 0. y 8.9 9 • c\9 . id 10 .
1
14 -
1
10 :40 " 10 . 10 .0 10 . 1 11.7 13.0 18.4
11:45 " i L 1 11.1 i 1 . TO 14 .0 19.0
12:40 P.M. 1-d. 1 1*5 . 3 Lc . 4 T T £213 . D 14 . 9 19 .
6
14. 14.0 14.
1
15.2 16.0 T r\
15. 3 15.4 15. 6 16.5 17.5 OA c«iO .
16. 16.0 16. 16.8 17.5 OA r><iO .u
7*05 " 16. 6 16.8 16. 9 16.7 16.5 1 A TXD . X
Mar 2R -1 On S
14 . 14.0 14.0 14 .0 14.6 T <5 AId . U
in • 1 ? " 15. 1 15.1 15. 6 16.4 17.5 00 A(d-d .
12" 43 P ivi 18. 3 18.4 18. 6 19.0 19. 9 id . id
2 : 57 " 19. 3 19. 2 19.4 20 .3 20 .9
5:07 " 20 .4 1 , 21.0 00
Mar. 29 ,1905
7:42 A.M. 14.0 14.0 14.0 14.0 13.^ 12.9
10:17 " 14.0 13.9 14.0 14.0 14.0 12.1
11:35 13.8 13.7 13.6 13.5 13.4 9.9
Mar. 30 ,1905
7:32 A.M. 4.6 4.7 4.8 4.8 5.2 5.5
9:45 " 5.6 5.7 5.9 6.8 7.3 11.6
10:42 " 6. 2 6.4 6.6 7. 9 8.1 12.4
12:32 P.M. 8.0 7.9 8.0 9.0 9.7 14.0

DATA FOR CYLI.^DER iMO . 2-Conti nued.
Date and Time Di stance from center of cylinder Temperatur
of Observation. in. 2 in. 4 in. 6 in. 7 in. of air.
Mar. 50 ,190 5
14 .02:52 P.M. 9.8 9.7 8.0 9.0 9.7
5:10 " 11.0 11.0 10.2 11.4 11.8 14.1
6:55 " 11.6 11.5 11.6 11.0 11.7 12.2
Mar. 51 ,1905
7:55 A.M.
10:17 "
8.0
9.1
7. 9
9.1
10/6
13.8
14.6
15.0
8.0
9.5
7.8
10 .4
8.5
11.2
9.4
15 .3
11:4 5 "
5: 53 P .M.
5:0 5 "
9:08 "
10.6
13'. 7
14 .6
15.0
10 .8
13.9
14.8
15.
1
12.0
14.6
15.6
14. 8
12.8
15,2
15.8
14.7
18.2
20 .0
19.6
13.5
Apr. 4 ,1905
7:55 A.M.
9:52 "
11:43 "
12:38 P.M.
3: 10 "
9.5
8.9
9.2
9 8
11.0
9.4
8.7
9.2
9.7
10 .8
9. 5
8.8
9. 5
9. 8
10 .8
8.6
8. 9
10 .0
10 .7
11.4
8.4
9.5
10 .7
11. 2
11.8
5.5
9.6
11.8
12.6
12.6
Acr. 13,1905
7 : 40 A . M .
9:25 "
10:46 *
11:46 "
6.5
7 .0
8.0
8.8
6.5
7.0
8.0
8.3
6.4
8.
8.0
9.0
6.4
8.0
9.5
10 .0
8.0
9.0
10 .3
10 .8
8.0
11.5
14.2
15.4
12:41 P.M. 9.4 9.6 9.6 10.9 11.8 16.5
2:21 " 11.0 10 .8 11.0 12.2 15.0 16.8
3: 53 " 12.0 12.0 12.0 13.1 15. 8 17.1
4:47 " 12.6 12.6 12.65 15.6 14.1 16.4
6:17 "
Apr/l7,1905
7:35 A.M.
13.2 13.1 15.2 14.0 14.0 15.0
1.3 1.4 1.55 1.5 5.8 4.8
i
8:42 " 2.0 2.0 2.0 2.7 4.4 8.0
9:47 " 5.0 5.0 5.0 4.1 5.0 7.7
11:07 - 4.2 4.0 4.1 5.1 6.2 8.2
12:47 P .M. 5.3 5.5 5.5 6.5 7.1 9.5
2:18 " 5.4 6. 5 6.6 7.1 8.0 10 .1
4 : 28 "
6:56 "
7.5
7.9
7.6
8.0
7.7
8.1
8.0
8.0
8.3
7.5
9.8
6.8
Apr. 18,1905
7:42 A.M. 2.3 2.5 2.4 2.7 5.8 6.0
i
9:08 " 3.2 5, 5 5. 3 4.1 5.7 8.8
N OTE : - The numbers of the thermometers used in Cylinder No ,2 are
as follows. Distance from axis. No. of thermometer.
in. 8
2 9
4 " 10
6 " 11
7 " 12
Ai r 13

(30)
DATA FOR CYLINDER l\l 0.5.
Temperature in Degrees Centigrade.
(Readings tabulated are not corrected for errors in calibration. )
Date and Time ance from axis of cylinder. I emperaxure
II o f Observation. n in\J . 2 in. 4 in. 6 in. 7 in. f ai r
.
Mc* X » o O ) X »U U
-L J-
.
** O rt «M * X X • u 11.
1
12.2 12.5 13.2 1 fi. Q.XO. O
1 7> nXO • VJ 13. 13.6 14.0 15.1 1 Q nXS7 . 17
X*± . <J 14.5 14.8 14 .6 14.5 1/1 QX'i • V
X** . \J 14.6 14. 7 14.1 14.0 lA (1X*± . U
o . OO A.M. Q QO . O 9.0 9.0 9.2 9.4 14 . 8
1 10 :40 " 10 1 10 .4 10 .7 11.7 11. 5 1 * Q
11:45 " 11 4 11. 7 12.0 13.0 12.8 1 Q t;xy . o
' 12 :45 P.M. 12 S 12.7 12. 9 13.8 13.7 1 Q Qxy . y
2:35 " 14 14.1 14.6 15.4 15.1 til,, u
li 4*12 " 15 5 15.7 16. U 16.5 16.5 21.8
' 4 57 - IP, (\ 16.1 16.6 16.8 16.8 20 .
7:08 17 n 16. fi 17.0 16.6 16.5 XO . 5
Mar. 28 .190 5
7:4 5 A.M. 1 A nxft . (J 14.0 14.1 14.0 14.2 16. 5
10 • 1 S * IRA 15.7 16.1 16.8 16.8 23. 312*45 P M. 1 R n 18.1 18.4 19.1 19.0 23. 3
1
3:00 " 1 Q >^X 9 . o 19.6 20 .0 20 .7 20 .5 24 .
5:10 * pn A 20 .7 20 . 9 20 .8 20 .8 22 .4
Mar. 29 .19n5
7 :"4 5 "a^m . X*x . V7 14.0 13.8 13.6 13.8 13.0
i 10 : 2o * 1 3 <3 13. 9 13.8 13.8 13.7 12. 2
Mar* / 1 Qfi R
xo . o 13.8 13.2 13.0 13.0 10 .0
7 • 35 A IW 4 4.4 4.5 5.0 5.89*47 " O • i7 7.0 7.0 7.0 12.0
In : 4 5 " A QD . y 7.0 7.4 7.8 8.0 12
.
5
LC' . *JO ir • HI . 8.3 8.7 9.3 9.6 14 .
7
in nxu . yJ 10 .0 10 .3 10 .7 11.0 15. 5
li . U 11.0 11. 3 11.4 11.8 14.4
6:35 " 11 AX X . u 11.5 11.7 11.6 11.9 xo.o
1 . O t A . iVi . o . U 7.9 7.9 7.8 8.2 10 .0Q Qy • o 9.8 10 .4 10 .8 10 .8 16.8
X i , ** u 11 nX X , u 11.0 11.6 12.1 12.2 18. 5
o • OO It .M • xo . y 14.0 14.3 14.9 15.0 20 .
6
O . U x4 * o 14.8 15.
1
15.7 15.7 19.7
tj . xu 1 oXD . o 15.1 15.2 14.8 15.0 13. 8
A^r . *i yu o
"7:40'
'a.m. 9.0 9.0 8.7 8.3 8.6 5.8
S :55 " 8.7 8.8 8.8 8.8 8,8 9.8
11:45 " 9.2 9.0 9.4 9.8 9.8 12.0
12:40 P.M. 9.6 9.6 10 .0 10 .3 10 .3 12.6
3:12 - 10 .8 10 .7 10 .9 11.1 11.2 12.9
Apr. 132^1905
7:"4 5 "A.M. 6.3 6.3 6.3 6.5 8.5
9: 27 " 7. 3 7.4 9.3 8.2 11. 9
10 :6o " 8.5 8.4 9.6 9.6 14.7

(31)
DATA FOR CYLINDER I\iO . 5-Conti nued
.
Date and Time Distance from axis of cylinder. Temperature
of Observation. in. 2 in. 4 in. 6 in. 7 in. of air.
Apr. 13j^l905
10 .0 15.9lir47 A.M. 9.1 9. 3
12 : 48 P .M
.
9. 9 10 .2 10 .7 11.1 17 U
2:23 " 11 2 11.7 12.0 12.7 17. 3
3:55 " 12 .
2
12.6 12.8 13.4 17 .4
4:46 " 13.0 13.
1
13.6 13.8 16 .
7
6:18 " 13.6 13. 7 13. 9 14.0 15 .
Apr. 17 ,190 5
7:37' A.M. 1.2 1.5 1.7 1.6 6.8
8:48 " 2.0 2.0 4.5 3.9 8 .
6
9:48 " 3.2 3.3 5.7? 4.6 8.4
11:09 " 4.6 4.8 6.0 6.0 9 .0
12:48 P .M. 6.0 6.0 6.5 7.0 9.3
7.0 7.0 7.3 7.8
4:30 " 8.0 7.9 8.1 8.0 9.8
7:00 - 8.2 8.0 8.1 7.7 7.2
Apr. 18, 1905
7:45 A.M. 2.5 2. 6 2.7 2.7 10 .5
9: 10 " 3.2 3.7 6.0 8.8
iSiOTE:- The numbers of the thermometers used in Cylinder No . 5 are
as follows. Distance from axis.
in.
2 "
4 "
6 "
7 "
Ai r
I\Jo. of thermometer.
14
15
16
17
18
19

(32)
DATA FOR COi^CRFT?', BEAlvi
Temperatures in Degrees Centigrade.
(Readings are not corrected for errors incalibration of thermom-
eters. )
1
Date and Distance from exposed end of beam. Temp.'riierm.
i nTime of
o 1 n
.
O It. 4 It. o ft
.
D I L .
of
Oh servati on 1 ft
.
d ft . Ai r 2" felt
Mar. 16 ,1905
11:35 A.M. 7.1 5.8 4.7 4.4 *.4.7 4.8 6.0 17.3
12:50 P.M. 7.5 5.9 5.0 5.0 4.8 5.0 5.7 18.2 21. 5
: 3:00 " 8.5 6.5 5.4 5.0 5.2 5.4 6.1 18.6 17.0
3:55 9.0 7.0 5. 5 5.3 5.4 5.8 6.3 17.5 17.0
I 4:55 9. 2 7.2 5. 9 5.5 5.7 5.9 6.5 16.0 16.6
! 6:55 9.4 7.6 6.0 5.8 5. 9 6.0 6.9 10 .5 12.7
|| 10 :10
" 9.0 7.6 6.3 6.0 6.0 6.1 7.0 7 .
9
7.9
Mar.l7 ,1S05
7 : 5b"'A".M. 7.7 7.5 6.8 6.3 6.3 6.6 6.9 9.8 9.4
|i
9:55 " 8.1 7,8 7.0 6.5 6.7 6.8 7.1 14 .
2
13.0
11:45 - 9.0 7.9 7.2 6.8 7.0 7.0 7.6 18.0 15.4
1 12:55 P .M. 9.5 8.
1
7.6 7.0 7.1 7.2 7.8 17.7 16.3
j|
3 : 10 " 10 .5 9.0 8.0 7.5 7.8 7.8 8.3 16.4 17.0
' 4:55 " 11.0 9.4 8.3 8.0 8.1 8.1 9.0 16 .0 16 .3
6 :30 " 11.2 10 .0 8,6 8.2 8.4 8.4 9.3 14.7 15.0
Ij
7 : 35 - 11.4 10 . 8.8 8. 5 8.7 8.7 9.5 14 .
1
14.7
Mar. 18,1905
10 .0 la.o 10 .
3
13. 5 13.08:30 A.M. 11.5 11.0 10 .2 9.8
Mar. 20 ,190 5
7 : 50" A.M. 5.9 7.2 8.1 8.6 9.0 9.0 8.6 .0 -0 .6
I| 10 :40 " 5.3 6.5 7.6 8.0 8.4 8.4 8.0 1.6 1.0
i 11:25 " 5.2 6.3 7.4 8.0 8.3 8.4 8.0 1.7 1 .
2
12:45 P .M. 5.1 6.1 7.2 7.8 8.1 8.1 7.9 2.5 2.0
3:05 " 5.2 6.0 7.0 7.5 8.0 8.0 7.6 3.0 2.6
4:13 5.3 5.9 6.8 7.2 7 .
8
7. 9 7.6 3.1 3.0
5:15 " 5. 2 5,9 6.8 7.2 7.8 7.8 7.6 3.0 2 .
9
Mar. 21,190 5
.87:40 A.M. 4.1 4.8 5.3 6.0 6.3 6.3 6.1 1 .
10 : 10 " 4.0 4,6 5.1 5.75 6.0 6.1 6.0 3. 5 2.0
11:10 4.1 4.4 5.05 5.8 6.0 6.05 6.0 5.0 2.15
11:40 " 4.2 4.5 5.0 5.7 6.0 6.0 6.0 4.8 3.6
12:45 P.M. 4.5 4.6 5.0 5.7 6.0 6.0 6.0 4.8 3.6
3: 15 " 4.9 4.8 5.0 5.6 6.0 6.0 6.0 5. 3 4.1
4:03 •* 5.0 4.7 5.0 5.6 6.0 6.0 6.0 5.6 4.4
5:45 " 5.0 4.9 5.0 5.5 6.0 6.0 6.0 5.0 4.2
Mar. 22 ,190 5
7:50 A.M. 4.7 4.8 5.0 5.2 5.7 5.8 5.8 5.5 3.6
lo:07 - 5.0 5.0 5.1 5.2 5.7 5.8 5.9 9.0 7.0
' 11:35 - 5.8 5.2 5.2 5.3 5.8 5.9 6.0 12.3 9.0
12:50 P.M. 6.2 5.4 5.4 5.7 6.0 6.0 6.1 13.8 10 .6
3:05 " 7.2 6.0 5.8 6.0 6.3 6.4 6.8 14.8
4 :4o " 8.0 6.4 6.0 6.2 6.4 6.7 7.0 15.0 12.
1
Mar. 23,1005
7.4 8.0 11.2 10 .07:42 A.M. 8.2 7.9 7.4 7. 1 7.7
9:48 " 9.0 8.1 7.7 7.4 7.7 7.9 8. 3 17.2 14.8
10:53 - 9.7 8.5 7.8 7.8 8.0 8.0 8.6 17.0 15.3

(35)
DATA FOR COI^ CRETE BFAAI-Conti nued
.
Date and Di stance from exposed end of beam. Temp TherM.
Time of 6 in . 1 ft. 2 ft. 5 ft. 4 ft. 5 ft. 6 ft . of in2"of
Ob servati on Ai r
.
Felt
Mar. 23,190 5
11:53 A.M 10. 1 8.7 8.0 8.0 8. 1 8. 2 9.0 17.9 16.6
2 : 27 P .M 11. 1 9.7 8.7 8.5 8,7 9.0 9,6 16.0 16.6
Mar. 24 ,190 5
7:57 A.M 8.2 9.0i 9.0 8.9 8. 9 9.0 9.n 6.0 4.4
9:4 5 " 8. 6 8.7 8. 9 8.9 8.9 9.0 9.0 10 .4 8.2
11:05 • 8.9 8.8 8.9 8.9 9.0 9.0 9.0 12.2 9.5
12:45 P .M. 9.1 9.0 9.0 9.0 9.0 9.0 9.1 15.8 10 .0
2: 50 " 9.8 9.1 9.0 9.0 9.0 9.0 9.2 14.2 11.2
4.25 " 10 .2 9.5 9.0 9.0 9,1 9.1 9.5 14.7 11.6
Mar.25jl90 5
7": 55 A'.M. 8.7 8.9 8. 8 8.7 8.8 8.9 8.9 11.0 8.6
lo:i5 " S. 5 9.0 8.9 8.8 8. 9 8.9 9.0 18.1 15.6
11:40 10 .1 9.2 9.0 9.0 9.0 9.0 9.2 18.5 15.0
1:40 P.M. 11.1 9.6 9. 2 9.1 9.3 9.2 9.8 18.8 15.5
4:55 " 12.0 10 .6 9.7 9.7 9.8 9.7 10 .0 15.6 15.2
Mar. 27 ,190 5
8:45 A.M, 9.9 10 .0 9. 9 9.8 9.9 9. 9 9.8 14.2 12.0
10:55 - 10 .7 10 .1
10/2
10 .0 10 .0 10 .0 9. 9 10 .0 18. 5 15.0
11:58 " 11.1 10.1 10 .0 10 .0 10 .0 10 .1 18.9 16. 3
12:58 P.M. 11.6 10 .6 10 .2 10 .0 10 .1 10 .1 10 .5 18.2 17.#
2:28 " 12.5 11.0 10 . 5 10 .5 10 .3 10 .3 10 .8 20 .9 18.0
4:05 " 15.1 11.6 10 .7 10 . 5 10 .6 10 .7 11.1 21.0 18.5
4:48 " 13.6 11.8 10 .8 10 .6 10 .7 10 .8 11.2 20 .0 18.4
6 : 56 " 15.8 , 12.2 11.0 11.0 10 .9 11,0 11.4 15.7 16.5
Mar. 28,190 5
7:48 A".M. 12. 5 13.8 12.0 11.7 11.8 11.8 12.0 16.4 16.9
10:15 " 14.2 15.2 12.5 12.0 12.0 12.2 12.7 22. 5 20 .3
12:48 P .M. 15.5 14.0 13.0 12.5 12,7 12.8 15.4 23.2 21.6
5:03 " 16.5 14.7 13.4 15.0 15.0 13.1 14,0 23.5 22.0
5:12 " 17.0 15.2 15.8 13.5 15.5 13.6 14. 2 22.0 21.2
Mar. 29,1905
7:47 A.M. 14.4 14.6 14.0 15.7 13.8 13.8 14.0 12.7 13.0
10:22 " 14.5 14.6 14.1 14. 7 13.8 15.8 14.0 12.2 13.2
11:58 • 14.
1
14.4 14.0 15.8 13.8 15.8 15.9 9.7 10 .8
Mar. 30 ,1905
7:40 A.M. 8.5 S.6 10 .6 10 .8 11.0 11.0 10 .8 6.6 4.8
9:50 " 9.5 9.6 10 .6 10 .8 11 .0 11.0 10 .8 12.2 9.3
10 :48 " 9.8 9.7 10 .5 10 .8 11.0 10 9 10 .9 13.7 9.7
12: 57 P .M. 10 .2 10 .0 10 .5 10 . 8 11.0 11 11.0 14.4 11.0
5 : 00 " 10 .8 10 .5 10 .6 11 .0 11.
1
11.0 11.
1
15.2 12.0
5:15 " 11. 2 10 .6 10 .7 11.0 11.1 11.1 11.2 14.0 12.6
6:42 " 11.5 10 -9 10 .7 10 .9 11.2 11.3 11.4 11.8 12.0
Mar. 31,1905
10 .0 10 .5 10 .0 10 .6 10 .5 10 .4 8.37:^0 A.E. 9.6
10 : 22 " 10 .8 10 .1 10 .5 10 .3 10 .8 10 .8 10 .8 16.8 15.8
11:48 " 11. 1 10 .4 10 .5 10 .6 10 .9 10 .9 11.0 18.5 15.0
5:38 P .M. 12.6 11.4 11.0 11.0 11.2 11.2 11.6 20 .4 16.8
5:08 " 15.0 11.7 11.1 11.1 11.2 11.5 11. 8 19.3 17.0
9: 15 " 15.0 12.2 11.5 11.4 11.7 11.8 12.0 12.9 15.8
/
(34)
DATA FOR CONCRETE BEAM--Continued.
1
Date and Di 3t s.n c e ['rom exposed end of beam
.
rremp. rherm.
1 Time of
D 1 ri • 1 f*t 2 ft
.
3 ft. ^1 ft
.
5 ft. 5 ft. 1" in 2-ofi
ObGervati on A] C Felt.
Apr. 4^1905
6.0
! 7:45 A.M. 12. 1 13.8 X*t . X 14 14.0 13.8 5.2
9:58 " 11.8 13.0 1 7XO . f 13- 5 13.
7
13.7 13.4 9.8 8.0
11:48 " 12.0 12.7 13. 3 13.2 15.4 13.4 13.1 11.8 8.9
12:43 P .M. 12.0 12.6 13. 2 13.
1
13. 2 13.2 13.1 12.0 10 .0
3:15 " 12.2 12.4 13. 13.0 13.
1
13.
1
13.0 12.
c
10 .4
;
Apr. 6 ,1905
i 7:28 A.M. 6. 5 7. 5 8.4 8. 8 9.0 9.0 8.S 2.4 2.4
10 : 28 " 6.2 7 .
1
8.0 8. 5 8.8 8.8 8.7 5.3 3.2
Acr . 13 . 190 5
8. 5 8. 7 8.7 5 6.87:48 " 8. 8.0 8. 5 8.7b 7. id
9 : 30 " 8.5 8.1 8.5 8. 6 8.8 8.8 8 .
8
9.5
10 : 52 " 9. 8.4 8. 5 8. 65 8. 8 8.85 y . u 14 . ( 11.5
11:50 " 9. 3 8.6 8. 6 8. 7 o no . y 8. 9 9.0 15.5 12.0
12:45 P.M. 9. 65 8.8 8. 7 8. 8 9.0 9.0 9.1 17.0 12.'^
2: 25 " 10 .0 9. 8. 8 9.0 9. 9.1 9.4 16.7 14.0
3:58 " 10 .7 9.5 9.0 9. 9 .
3
9. 3 9.7 16 .7 14 .5
4 : 50 " 11.0 9.7 9.1 9.1 ^ A 9.4 9.8 16.0 14.6
6 : 20 11.1 10 .0 9. 3 9.2 9. 5 9.6 10 .0 14 .5 14.2 1
Apr. 17 ,1905
7:40' a.mT 3.2 3.5 3.8 4 . 4.3 4.4 4.2 2.4
8:47 " 3.6 3.4 3.8 4.0 4.3 4.4 6.8 5.5
9: 52 " 4.1 3.6 3. 9 4 .0 4.3 4.5 8.7 5.6
11:12 " 4.8 3. 9 4.0 4. 4.5 4.7 9.0 6.2
12:50 P.M. 5. 2 4.2 4.0 4 . 4.6 4.8 9.0 7.0 i
2: 23 " 5.7 4 . 5 4.2 4.3 4.7 4.9 10 .0 7.9 '
4 : 32 " 6.1 4 .
9
4 .4 4.6 4.9 5.0 9.3 8.0 :
7:02 " 6.4 5.3 4.6 4.7 5.0 5.2 6.7 6.8 i
Apr. 18, 1905
7:48 'A.M. 4.5 4.3 4.4 4.3 4.7 4.7 5.7 4.0
9 : 18 " 5.0 4.4 4.5 4.4 5.0 4.7 4.8 8.2 5.5
12:40 P.M. 6.0 5.0 4.7 4.7 4.9 4.9 5.0 10 . e 7.8

(35)
DATA FOR CYLINDERS AiO.3 At4D KO .4
.
(Temperatures in Degrees Centigrade.)
li (Readings are not corrected for errors in calibration of therraom-
eters . )^-^ v-' a. • /
Date and Cylinder ISio .
2
Cy li nder No .4 .
Time of o f Distance from exposed end Di stance from exposed end
Observati on Ait 4 in, 8i n. 14i n. 20i n
.
261 n
.
4in
.
8i n
,
14]
. n . 20 i n
.
26i n
.
Mar. 25 ,190£
2: OC P .M. 19 7 17 .
1
16 .8 17 .0 17 .0 17.0 17. 2 17. 3 17 .8 17 .6 17.4
4
:
55 " 14 ? lo . D 16 . 8 17.0 Id . 9 17 . 16 . 9 T r» T17.
1
17.6 17 .
2
T O17 .
2
Mar. «i7 , 190 c
in nxu • ^Q •O . 4 O A.M. 14.2 ^ • f y . o in TlU . 1 in olU . c inlU . o Q fty . o 10 -8 in 7lU . 1 In ftxu . o
-l-U . ou 18.6 X J. « o in 7XL/ . 1 in Rxu » o in 7XVJ • f ID QXVJ . *P in R in 7XVJ f 11 . 1 1 1 nX X • u 11 1XX. L
1 T •LX
. GO 19.1 jLCr . V/ 11 nX X . n nX X • n nX X . \J 11 .3X X . o 11 RX X « o 11 1J- X • X 11 ft 11 4X X . *± 11
q p >r 19.4 IP QXC . i7 11 RX X . o 11 4X X . t 11 ?^X X . o 1 p nXo . vJ X o • o 11 RX X . o 12 .0 11 ftXX . o IP nxc • u
o
<J . o D 20 .8 14 12 3 12 7 13 S 12 R 12 . 6 12 4 12 RX o . o
ft • no »• 20 .7 X o • u xo . o 1 ."^ nXO . VJ 1 3 nXO . o 1 3 PX o . c 14 RX*i . O 13 7Xo . 1 13 . 2 XO • \J 1 3 .3XO . o
A ' 20 .2 "IS 1 14 nX*± . V-J 1 pXO . c* 13 ? 1.3XO • 14 RXt: . O 14 nX*± . VJ 13 .4 13 1XO • X 1 .3 fiXO . VJ
AD 16.6 15.6 14 6 14 . 13. 8 14 . 15.0 14 . 6 13. 8 14 .
iji a. ,
7 •
1 • ou A . I'/i. . 17.0 xt . u 14 ,^x*± . tj 14X*i . (J 14 4X*i .^ 14 1^x*± • o 14X*t . o 1 A AXft . 1
A
14 . O 1 A '"^X*± . O
In 22.3 X^ « o IS? 1 R R 1 ^ PX o . c 1^4 1 ftX o • o 1 ^ PX O . i& 1 1X o . X 1 c; AXO . 4
ltd . oO P . ivi
.
23.3 1 ( . ^ XD . D XO . O 1 A pXO • c 1ft "7XD . < 17 PX f . c 1ft ftX o . o 1ft 1XO . X 1ft sxu . o
ol 07 23. 8 lo . y 1 / . o 1 "7 nX f • u IT n1 / . u 1 "7X / • o 1ft pXO . c 17 ftX f . O 17 nX f . u 17 PX 1 . O
c .O . T C Iflo 22. 2 1 Q a 1 Q nlo . O 1 "7 ftX / . o 1 "7 ft1 f . D IT oX f . y 1ft ftXO . D 1 P; nXO . u 17X / . o 17 7X / , f
Mar
,
(iy ) lyu u
rf
1 oO A .r'l . 13.4 14 PX'i * <C, 14 "7Xt . < 1 4XO . ^ X O . O 1 R ftXO . D 14X't . o 14 QX'i . o IS 7X O . ( 1 S SX o . o
10 . CO 13.0 X*± . O X*i . H 1 c: nXO • u in; nXo • vJ X o * o 1 AX4t * O 1 A 7Xft . 1 XO . o
Mar
.
oO , 1 90 o
7 , 4 o A . . "7.9 D . D '"> n '7 Q« . y ft P C> . O ft Oo . y 7 ft "7
o •y C •2 II5o 12.8 Q AO . U •7 "7 o . u c . 4 Q "7 o . U / . y Q ny . u
10 . 4 O 13. 9 o . o o . U Q OO . o ft fto . O ft ft ft 'Kc> . o ft o Q Oy • £2
lo
. Oo r .r/i . 15.2 Q /ty . 4 O. / Q "7O. 1 y . U Q Ay . 4 G Ay . 4 ft Qo . y Q fty . o
00 15.6 xu . * Q Wy . o Q Ay » D Q "7y . « in nxu • in 4XVJ . ft Q ft in Pxu . o
5: 15 14. 6 11 . O lU . lU .u 1 rv 1XU . 1 1 r\ AXU .4 11 n1 1 . U in c;lU . O lU . f
6
:
45 " 12.7 11 . 5 10 .
8
10 .4 10 .4 10 . o 11.1 10 .8 11.0
Mar. 31 ,1905
7 4'5 'aMvII 11.0 8.8 9.0 9 .
1
9.
1
9. 3 8. 7 8 . 9 9.5
lo : 25 " 16 R 10 .
5
9. 8 9 .
8
9. 8 9.9 T ^ O10 .0 9 .
8
To O10 .2
11 : 50 " 14 9 11. 6 10 .6 10 .
2
10 .
3
10 .
8
T T T11. 1 TO d10 .
5
10 .8
3: 40 P .M. 1 Q 7 13.
7
12 . 5 12 . 11.9 TO O12. 2 13 . TO 'Z12 . o Ici .
5 : 10 " 18. 7 14 . 13. 12 .
5
12. 3 T O f*»12. 7 lo. 5 TO O12 . 8 l^s . 7
9 : 17 " 13. 5 13. 9 13. 5 12 . 9 13.0 T T13 .
1
lo . 4 T O13. 2 12. 9
Apr. 4
,
1905
7 :45 A.M. 6. 8 9 , 5 ll.O TO O12 . TO O12. 2 TO O12. 2 y . o 11. 3 lo . O
10 .00 10 -7 9.7 10 .
3
n T O11 . 2 11. 6 11.7 10 .u 10 .8 ltd .
11 50 " 12.0 10 .
2
10 .-X-V_/ V-/ 11 . 11 . 3XX* 11.6 IP . "0 .8 12 n
12 45 P .1^. 12.6 10 .5 10 .6 11.0 11.2 11.6 10.6 10 .8 12.0
3 15 " 13.2 11.0 10 .8 11.0 11.1 11. 5 11.0 11.0 11.7
Apr..13,1905
7 '50 'A.M. 7.0 7.0 7.2 7.4 7.6 7.0 7.0 7.6
9 32 7.7 7.5 7.5 7.6 7. 8 7.5 7.4 7.9
10 :54 " 8.6 8.0 8.0 8.0 8.3 8.2 7.t 8.3
12 :4 6 P Al. 9.8 9.0 8. 6 8.7 9.0 i..4 8.7 9.0
2 :25 " 10 .7 9. 8 9.3 9.3 9.6 10 .3 9.65 9.7
4 :00 " 11.4 10 .3 9.7 9.7 9. 9 11.0 10 .2 9.9
4 :52 " 11.7 10.6 10 .0 10.0 10 .1 lli.2 10 .6 10 .1
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DIAGRAM OF CYLINDERS I
,
2, AND 5.
5 ca \ e : line h = I foot.
4;
-1
—
r
-
—
h
I,
^
I
1;!
III
-~5-
SIDE VIEW.
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DIAGRAMS
OF
BEAM CYLINDERS 5 AHD 4.
Sosr/e : I inch = \ -foo-^.
END VIEW L0N6ITUDINAL SECTION.
CYLINDERS 3 AND A.
END VIEW OF BEAM.
• Ah//- Fe/t.
LONGITUDINAL SECTION OF BEAM-
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(44)
TEMPERATURE CURVES
FOR
CONCRETE BEAM
FOR
March 8c Z'5
D/3T/JJVCE FROM EXPOSED £ND OF BE/1M.
/8'
DJSr/iNCE FROM EXPOSED £/S/P OF BE/I
M
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TEMPERATURE VARIATIONS
CONCRETE BEAM
FOR
Ya-m'
'
iZf^. ' SpW/ 10 ' ' ' 3^.W. ' /p.Af. ^f^. 11^^ S^^- 2fm. 7Rn.
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TEMPERATURE GRADIENT CURVES
FOR
CONCRETE BEAM
D.U
€>^^7 8 9 /0 1/ /ZJ 2 3 ^ S 6^^.
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TEMPERATURE CURVES
FOR
CVLINPER NO. 1 .
FOR
t^arch 6, 1505.
^? 2 ^6 8 10 /Z /6 /S ao 22.
P/3T/1NCE FROM AX/3 OF CYL/NOER IN CENTIMETERS.
1.0
0.9
O.S
0.7
0.6
C.S
O.^
03
o.z
O.I
.oo-
4/? n & 8 /O
T/ME OF D/jy
So
J2^f. a /O 12

(48) ^^^^
TEM PERATL^RE CURVES
FOR
CYLI NPER NO.l
FOR
March 7. 1905
^ 4 e 8 /o 12 14 16 ^8 20 22
D/5T/INCE FHO/^/IX/5 OF Cri/A^DE^ /N C^NT/MET£R5
k
I
k
1.0
0.7
o.e
as
0.^
0.3
0.2
0./
0.0-
2 cty. fr^
'0.7
-O.Z
-0.3
-0.4-
'^^.z^. 6 8
T/A1E OF £p/fy:
/O 12 p.m.
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TEMPERATURE CURVES
FOR
CYLINDER NO.l.
FOR
March 8, \90 5.
O 2 & S 10 /a /6 18 2^ 22
PJ3T/]NCE FROM AX/S OF CYL/NDER IN CENTIMETERS.

(50)
TEMPERATL/RE CVRVE5
FOR
CYLINDER NO. 1
FOR
Inarch 9, 1905.
O Z ^ S 8 /O J2 16 18 20 22
D/^T/1NCE FRO/^ AX/5 OF CYLJNDE/f /N C^NT/M£rERS.

(51)
TEMPERATURE CURVE5
roR
CYLINDER NQl
FOR
-f/f./^. 6 8/0 /en 2. ^ e 8 /O
T/M£ OF £?/ir.

F/ai-e XJI-
(52)
TEMPERATURE VARIATIONS
m
CYLINDER NO. 1.
FOR
8 /O 12 Z ^ 6 8 lO
^J2.
TIME OF DAY

ki
n:
14
12
10
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TEMPERATURE GRADIENT CURVES
FO R
CYLI N PER NO. 1
FOR
March 15. 1905

(54)
TEMPERATURE VARIATIONS
UN
CYLINDER NO. 1.
FOR
March 16, 1905.
10
8
/ii'r
Ce/7tcr c-f Cy/ir7c/er.
TIME OF CBSEf^V/)T/ON.
•irj:aa p.m.
I2.\')-S- P.M.
,^
-3: SO "
II: 30 yf /l-
4-\
^ Z e 8 /C /a /4 /e 18 £0 2^
0/5 T/INCE FROM /fX/S OF CYLJNDEH fN CEUT/AfETER5.

kI
I
12
U
1.0
0.9
o.s
0.7
0.6
OS
0.^
03
az
ai
o-
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TEMPERATUR E 6RADIENT CURVES
FOR
CYLINDER NO. 1.
PJafe XV
%^
16'
i
FOR
Mqrch 16. 1905
7^^8 9 10 II I 2 Z ^ 5- e 7 d 9 W JJ^JZ
10"
S' c/77. from a/is
/a
7 8 10 II l^^ l Z34Se789 lO,

TEMPERATURE CURVES
FOR
CVL-INP^R NO.l
FOR
March 17. )905.
2 ^ G 8 /O /£ /'f- /6 /<9 ao 2Z
D/5T/\NC£ FROM AX/S OF CrUNDEFt IN CENT/MERS.
12 R».
t/me: of D/RY
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TEMPERATURE CURVES
FOR
CVUNPER NO. 1.
FOR
March 51.1905
o 2 4- e a 10 l^ 14 le id 20 az
D/ST/f/yC£ /^ROM O/^ CYL/NDBJ^ JN CENT/METEf^S.
T/ME OF DAY
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TEMPERATURE VARIATIONS
I N
CYLINDER NO. 1
CONCRETE :~ I CEMENT : J 3/IND : 6 Bf^OKEN STONE
CYLINper :- DIAMETER= 17.^ JNCHE5 . LEN6TH = J. .5" FEET
d 4 S 6 7 a 9 iO 11 Ja.jfJO II 12 ! 2 10 II 12,
p/i.
+3'
+ 2'
+r
0'
7 8 S II 12 / 2 5 S e 7 8 9
A.M. RM.
TIME OF OBSEHV/i T/ON.
-
10 II JZm
Mar. Z
= ~0. /
0.3
X.
= -6 /6 A
c./s-
oaf=
= -4> 07SX
I
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TEMPERATURE VARIATIONS
IN
6-iNCH CUBES
OF
1 : 3 CEMENT MORTAR +10' s^' -f/(?"
No. of Cube D(xYe. Made
/
2
S
12 '17-04- Not used
12-23-04
A^of-e : - Cohe Mi. J y/as
/-in, layer of hair fe/t
7=c6. /^^ I90S.
/2 t 2 3 ^ S 6 7 8 3 10 11 12
J2 / 2 3 ^ ^ e 7 8 3 JO // 12 / 2 3
/i./f. A.M. PM
TJM£ OF 0B3£:RV/ITIQN
Temperati/re o-f y^ir.
Temperature ceni-en
of 6-inch cube, with
Oc. i^/'/fh o/7e fyce exoosed.
^ s e 7 8 9 10 /J iz
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CALIBRATION DIAGRAM
FOR
THERMOMETERS 7-19
NO. OF THERMOJ^ETER.
3 10 II 1^ 13 IS 16 17 /<? 19
I
-i-r 0° /" r 0' r o" r o° r r o° r o" r ^ r o° r cf r <f r o'
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FUi-^ XXI
L06ARITHM1C TEMPERATURE CURVE5
FOR
CYLINDER NO. I
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APPEM DIX
DATA Af^D COWSTAiNiTS PERTAINIiNiG TO TEMPERATURE GHAim'GES
IN VARIOUS MATERIALS.
Loss of Heat from Bodies in Contact with Air »
The following expressions for the loss of heat from bodies in
contact with air, are given in "Sev/age Disposal in the United
States" by Rafter and Baker, page 314.
by contact per square foot per hour; Pisa factor for movement of
|air = 4 for qiiiet air,5 for moderately moving air, and 6 for rap-
''idly moving air; t is the temperature of the heated bod^ ,:in de-
igrees P.; and T is the temperature of the air in contact, in de-
I
grees F
.
ll
When (t-T) does not exceed 20 to 30 degrees F. we may take
L = .1 F{t-T ) .
j
Relative Rates of Cooling of Soils.
The follov/ing table, taxen from "Sewage Disposal in the United
(states" by Rafter and Baker, page 311, gives the results of some
experiments by Professo"^ Schlibler. of the University, of Tubingen,
;0n the relative rates of cooling of various soils. i
L = 0.1 F(t-T) 1.2 in which Lis the loss of heat (B.T.U.
Material Time to cool from Relative pov/er of
145" to 70* F. retaining heat.
Lime sand
Quartz sand
Clay loam
Heavy clay
Pure gray clay
Garden soi
1
Humus
Water 30
3 " 27
2 " 3U2-24
2 " 19
2 " 16
1 " 43
o hr. 30 min. 100.
95.6
71.8
68.4
66.7
64.8
49.0
860 .4

I(63) 1
1
Soil Temperatures for different Depths .
I
The following table gives the maximum and minimum soil teraper-
ji
jjatures for various depths, at Urbana, 111. , during the summer of
|!l904 and the winter of 1904 -05, as observed by the Department of
Isoi 1 Physics Of the University of Illinois.
Depth
j
Maxi mum Date of Mi ni mum Date of
Temperature Ob servati on Temp.
,
Ob serv
.
Ai r 92"? . July 16-18 -24 . 5P
.
Feb. 13.
i
1 inch 88 July 18-19 + 5. Feb. 2
3 inches 82 July 19 11. Feb. 2 1
6 79 July 17-19 15. Feb. 3
9 77 July 18-19 20 . Feb.
4
12 75 July 19 23 Feb. 9 i
36 66 Aug. 17 35 Feb .13-14
jKote:- There was about six inches of snow upon the ground. Feb . 13 ,
190 5, v/hen the air temperature was -24.5, at which time the tem-
perature of the soil at the depth of one inch was +26. There was
il|no snov/ upon the ground Feb. 2d, when the temperature of the soil
at the depth of one inch v/as 5^0 and the air temperature was
-15*
B
!j
Thermal Conductivity of Various Materials .
The follovdng values of the thermal conductivity of various
Materials are given in "Phy si kali sche-Chemi sche Tabellen" by Lan-
olt and BiSrnstein, and also in volume II of "Handbuch der Physik"
by A . V. i nke Imann
.
1 Material Temperature The rmal
Conducti vi ty
K
Ob server
Aluminum .3435 Lorenz
Lead to 100 .0 719-C .0836 several j
P I ron
>• N II
,1417-0 .1638 It i
I ce .00213-0 .00568
Sno7/
,
packed .000 507 HJelstrom
i
G lass .0013 De la Rive i
It
.000 50 Forbes
j
"
, crown .00163 Meyer i
, fli nt .00143
Charcoal .000405 Forbes
i
Coal .000297 K e umanh
Marble ,black .00177 Forbes 1
"
, whi t e
.
().0^15

(64)
Thermal Conductivity of Va ri us Mat e rials -Con t i nued
.
Materi al Temperat are The rmal Observer
Conducti vi tv
Flint .0024 HerschjLedeb ,&-Dunn.
Li me stone .004 5-0 .004 9 nun
porous ,much magnesia .0060 tl N «
Magn. ,whi te ,araorph. .0044 n n M
Gnei ss .0005779
n 100 .0004159 n j
Slate
,
under .00081 Forbes
Lava .0000833
C ement .0001625 II
Chalk .0022 Hersch,Ledeb ,& Dunn.
Plaster of Pari s 0.0013 ft It n
ppine quartz sand .000131 Fo rbes
Co rk .000717 ft
Pine, v/ith the grain .00030 ff
" across " " .000088 " 1
1
Paraf fi n .000141 It
If
.0002294 V\'eber
Horn .000087 Fo rb e s
Felt .000087 M
Cotton .0000433 II
"
, pressed .0000335 •I
Flannel .0000355 II
Sack cloth .0000298 II
Hair cloth .0000402 It
\'vater .001290
to
.001575
Copper .4152 to
^0^.7 226
Note:- The above values are for units in the cm.-gr.-sec. system.
Specific Heat of Various ivia teri als .
The following values of the specific heat , in calories per gr..
for various materials are taken from "Physikali sche-Chemi sche
Tabellen" Landolt and Bornstein.
i.i ate rial Temperature Specific Heat'
A 1 umi n um 0.20 88 - .2306
Lead .02938 - .03168
I ron Ordinary temper. . 10 50 - .1151
Co pper 0.08986 - .09314
Quartz
. 1737
G rani te 0.1892 -
. 1940
Gnei ss 0.1726 - 0.2143
i
Sandstone .22
Pumice stone .24
Lava 0.199
. 260
Lime stone .204 .208
Marble 0.20 99 - .21585
Ai r .23751 - .2389

I(65)
Surface Radiation and Conduction.
The following constants are taken from a table in Carpenter's
Experimental Engineering.
Material Speci f i c
Gravi ty
Speci f i G
Heat
Ab so rbi ng
and Radiat-
ing power.
B.T.U. per
sq . f t . for
1 di f .of tern.
Conducti vi ty
B.T.U. per
sq.ft. for
1 dif . of
tempe rat ure
.
Cast i ron 7.5 . 1298 .648 233.0
Wt . i ron 7 .444 . 1138 .566 233 .0
Steel 7 . 834 * 116 5
Chalk 2 . 784 . 214 9 .6786
Li me stone o . 1 56 .2174 .735
Masonry 2.240 .2 .735
Marble ,gray 2.685 .2694 .735 28.0
,white 2.650 .2158 .735 22.4
Oak .86 0.57 .73 1.7
Pine ,v/hi te .55 0.65 0.73
.
.748
Charcoal ,pine .44 .2415
Coal ,anthraci te 1.43 .2411
^oke 1.00 0.203
Glass 2. 89 .1977 .5948 6.6
Sulphur 2.03 .2026
Air at 32 F. .00122 , 238
IHp ^
-
-^-^ ^ -#
1^
ik ^ ! # #
4
iji^ ^ ^
^ ^
^f-
f 4
4 ^
^ ^
# ^ 1^ + t
^ # ^ ^ ^-
^ # # ^
4


